Wheat cultivation for thousands of years under extreme environment of the Central Asia resulted in local wheat cultivars adapted to local soil and climatic conditions. In the past, main wheat production in Uzbekistan was concentrated on dry-farming land of piedmont and mountain regions where precipitation and warm were sufficient as minimal conditions for stable wheat cultivation. Expansion of area under cultivation of intensive high productive commercial wheat cultivars brought decreasing of areas on which wheat landraces had been cultivated. However, wheat landraces were being kept by local farmers in remote districts where no intensive cultivars had been spread widely. Employment of valuable genetic resources of locally originated cultivars is important in plant breeding programs. The aim of current study is to characterize landraces of winter wheat of Uzbekistan by morphological and quality traits (e.g. plant heights, yielding, etc.) with geo-information data on the points of landraces origin, and also to analyze elements of crop productivity. Wheat landraces such as Kzyl-bugday, Ak-bugday, Tyuya-Tish, unnamed landrace and also Surhak (created from local landrace) were used in this study. Landraces differed from commercial cultivars by morphological traits such as plant height, length and density of spike. Selection in the region was carried out by morphological traits. Using GPS-navigation during expedition to survey wheat landraces, a spreading of the studied landraces was mapped. Collected samples of wheat landraces were cultivated during four sessions. Commercial Krasnodarskay 99 served as a control cultivar for comparison. Result of statistical analysis of fifteen lines, i.e. Kzylbugday 2-6Т, Kzyl-bugday 3-7Т, Kzyl-bugday 9-4Т, Kzyl-bugday 5-4Т, Kzyl-bugday 11-4Т, Kzyl-bugday 1-4Т, Ak-bugday 8-2Т, Ak-bugday 7-3Т, Ak-bugday 16-5Т, Surhak 12-3Т, Surhak 15-6Т, Tyuya-Tish 10-4Т, 13-8Т (unnamed), 14-3Т (unnamed), showed significant difference in plant height compared to the control cultivar. Although the average productivity of studied landraces did not differ from that in the control variety, two landraces, Tyuya-Tish 10-4Т and Kzylbugday 1-4Т, differed from the control cultivar in productivity. The weight of 1000 kernel was higher in nine landraces, Kzyl-bugday 2-6Т, Kzyl-bugday 3-7Т, Kzyl-bugday 9-4Т, Kzyl-bugday 5-4Т, Surhak 12-3Т, Kzyl-bugday 1-4Т, 14-3Т (unnamed), Ak-bugday 16-5Т, Surhak 15-6Т, compared to the control cultivar. Gluten content was significantly higher in Kzyl-bugday 9-4Т, Ak-bugday 8-2Т, Ak-bugday 16-5Т and 13-8Т (unnamed) landraces as compared to Krasnodarskaya 99 cultivar, while medium gluten content was characteristic of other landraces.
The selection of the majority of agricultural crops faces a serious problem of their extremely sparse genetic diversity. The problem solution is associated with attracting the genetic material of wild relatives and related species [1, 2], i.e. overcoming the primary gene pool erosion at the expense of the secondary one included in it. However, the drastic reduction in native habitats of such potential donor species and their polymorphism restriction as a result of keeping insufficiently representative by their composition and small by their size popula-tions in gene banks lead to the secondary gene pool loss that limits inevitably the biological diversity expandability for the species cultivated [3] [4] [5] [6] .
A great number of modern cultivars of wheat (like other crops) are often genetically similar and have a rather limited genetic base [7, 8] . The landraces originated from the natural selection in conjunction with the performance selection carried out by farmers [9] [10] [11] have generally wider genetic base that can provide characteristics important for the selection [12] . Such landraces are characterized by their tolerance to local stress factors [13, 14] , stable yielding, wider intravariety genetic diversity by protein content and some other grain qualities as compared to existing commercial cultivars [15] . Therefore, they represent a valuable portion of the gene pool [13, 15] and shall be involved in breeding new commercial cultivars. Furthermore, traditional varieties-populations not subjected to scientific breeding are of interest for studying plant genetics, physiology and ecology as scientific selection bases [16] [17] [18] . Commercial cultivars have completely replaced the traditional landraces in the present-day grain production, therefore, the populations of the latter are of particular value in areas where local landraces are still cultivated, i.e. kept and evolve in natural conditions until the present. In particular, such unique areas include mountain regions of Uzbekistan.
We are the first who has analyzed the distribution of and traits significant for selection in 30 main landraces of wheat gathered in traditionally cultivated areas of mountainous Uzbekistan, and identified samples possessing high baking and taste qualities which are genetically determined and can be introduced to the modern commercial cultivars.
The aim of the study is to describe soft wheat landraces of Uzbekistan by their quantitative and qualitative traits, carry out an analysis of yield components, as well as to show the distribution and crop areas of the landraces, including geoinformation data on cultivated locations.
Technique. The subjects of the study were soft spring wheat landraces such as Kzyl-bugday, Ak-bugday (Graecum), Tyuya-Tish, Pashmak, Khivit, Boboki, Muslimka, Kairaktash, Kzyl-Shark, unnamed landrace, and also Surkhak (bred from a local landrace). Samples were taken during an expedition in 2010 and 2013 in villages (kishlaks) of different districts in three regions.
The samples were cultivated during four seasons (2011-2012, 2012-2013, 2013-2014 and 2014-2015) , under irrigation, on the experimental base of the Institute of Genetics and Experimental Biology of Plants of the Academy of Science of Uzbekistan (Tashkent region) in accordance with the described winter wheat cultivation technology [19] . In the first, third and fourth seasons the samples were sown in the III decade of October, while in the second season they were sown in spring. For that, the agricultural practice without vegetative irrigation generally accepted in the study area was used. Ammophos (200 kg/ha) was applied to soil before sowing. The samples were sown by hand. Each sample was planted in 3 replicates randomized throughout a 1 m 2 plot (with row spacing of 15 cm, row length of 1 m, plot spacing of 30 cm). Commercial Krasnodarskaya 99 wheat cultivar was used as a control.
Agronomical estimate and recording of major yield structure components were conducted by conventional methods [20] . Gluten content was determined according to State Standard GOST 13586.1-68 (Grain. Methods for determination of gluten quantity and quality in wheat).
Statistical data analysis was carried out using the Student's t-test (StatView 5.0, SAS Institute, Inc., USA) (the analysis did not include data of 2012-2013 season). Tables contain mean values (M) and significance levels of differences (p).
Results. Locations of primary cultivation, area planted, and spreading of the studied landraces were identified during the field research using a GPSnavigator (Table 1 ). Based on this and numerous polls of the local population, a distribution map of traditional landraces in Uzbekistan has been compiled (see the Figure) .
Geographical location and description of traditional wheat landraces sampled
Fifteen lines characterizing the landraces by homogeneity and yields have been selected for 3-year trial plot tests.
In some areas of Uzbekistan where spring wheat is spread, the commercial cultivar Surkhak is grown (it was selected from a traditional landrace in 1940s). The cultivar is relatively resistant to drought, high temperature and shattering (hardly threshed), and nonresistant to lodging. The height of plants is 110-140 cm. Its ear with white glabrous glumes and red grains corresponds to erythrospermum species. It has large kernels (1000 seeds weight up to 50 g). The cultivar is characterized by poor winter resistance, but in Uzbekistan lives through winters well. Its vegetation period lasts for 210-240 days. Baking qualities are good, crop yields under optimal conditions reach 3 t/ha. Many crops of the cultivar are extremely unhomogeneous and weedy. Generally, it is grown on large cooperative farms and many neighboring small private farms.
The traditional soft wheat landrace Kzyl-bugday is cultivated on small farms in remote areas at the elevation of 1500-2500 m above sea level. The landrace belongs to erythrospermum variety as well. Its plants are rather high (120-140 cm) and highly productive (its yield under optimal conditions reaches 3.5 t/ha). It has red, large kernels; the weight of 1000 seeds is 55-60 g. The ears are long, up to 14 cm, with medium awns.
The soft wheat landrace Ak-bugday (known as Graecum in some areas) has white glumes, white awns and relatively large white grain (1000 seeds weight Distribution of traditional spring wheat landraces in Uzbekistan.
45-48 g) that corresponds to characteristics of graecum variety. Its plants are 95-100 cm high, and do not lodge on bogharic lands. It is grown mainly in two areas (Kashkadaryinskaya and Dzhizakskaya regions). The landrace keeps well, is relatively homogeneous morphologically, and possesses good baking qualities. Its yield reaches up to 3 t/ha. Its straw is very soft, highly respected as a building material for interior finish in houses, as well as is used as fodder for livestock.
The Boboki landrace that is morphologically similar to Kzyl-bugday and referred to erythrospermum variety is grown mainly in mountain areas of southern provinces of Uzbekistan. Its plants are very high (150-160 cm) with filled stems, they do not lodge in boghara conditions. It is distinguished among traditional landraces by its morphological homogeneity, good quality and high crop yields.
The wheat of Kairaktash landrace (graecum variety) is relatively rare. Its plants are of medium height, resistant to lodging even in irrigation conditions. It possesses excellent baking qualities.
The traditional wheat of Tyuya-Tish landrace is very rare. According to old residents, this landrace was highly productive, had rough grains, possessed good baking qualities, however, it was sown over small areas, primarily, in private households. Currently, it differs from earlier descriptions and corresponds to erythrospermum variety. The landrace plants are high and have large kernels.
Also, there were several unnamed samples (probably, they did not attract attention of peasants or the latter bred the plants they like for their own needs without giving names). Results of the statistical analysis (Table 2) showed significant difference of all studied 15 lines of traditional wheat landraces from the control cultivar in the plant height, and all the lines were relatively tall-growing. The average yield analysis has shown that in the traditional landraces it was lesser as compared to the control cultivar (Krasnodarskaya 99 cultivar). However, it should be noted that the differences were insignificant, and two lines only (Tyuya-Tish 10-4Т and Kzyl-bugday 1-4Т) had statistically significant differences from the control cultivar.
Plant stand height and yield in lines of traditional wheat landraces by years of studies (Republic of Uzbekistan)
The traditional wheat landraces can show high productivity depending on the conditions observed in the relevant year and cultivated location. So, the Kzyl-bugday 3-7Т yield in 2014 reached 673 g/m 2 that exceeded the maximum yield of Krasnodarskaya 99 cultivar (655 g/m 2 ) for the period of 2012 through 2015. It should be noted that deep spring frosts in 2015 caused considerable decrease in the yield of the most traditional landraces, while the Krasnodarskaya 99 plants were not affected negatively by them. Since the commercial Krasnodarskaya 99 cultivar is characterized by the high yield stability, its average yields have exceeded that of the traditional wheat landraces.
Based on the comparison of the weight of 1000 seeds, it was found out that in nine lines it was higher than in the control cultivar, but the differences were not significant (Table 3 ). All the lines of traditional landraces had a high content of gluten. It should also be noted that Kzyl-bugday 9-4Т, Ak-bugday 8-2Т, Ak-bugday 16-5Т and 13-8Т (unnamed) lines differed significantly from the control cultivar in this trait (see Table 3 ). All the traditional wheat landraces grown in the mountain and piedmont areas of Uzbekistan were characterized not only by the relatively high content of gluten, but also good baking properties and great taste qualities as compared to the commercial cultivars grown in Uzbekistan. That is one of the reasons why the traditional landraces have been kept and cultivated in the areas concerned for many years. The data obtained show that some of the traditional Uzbek wheat landraces have a high potential productivity and elevated gluten content, though they are exceeded by the commercial Krasnodarskaya 99 cultivar in the yield stability. Since the natural productivity is implemented during a critical period from VI to IX organogenesis stages (beginning of stem elongation-end of blooming), in the traditional landraces it may be additionally stimulated by agrochemical exposures, for example, growth regulators (retardants) to be applied during the critical period [21] , as well as by genetic selection methods.
Thus, the traditional landraces of Uzbekistan have many traits useful for selection. The collection and study of these landraces are of great importance for preserving the wheat gene pool in the natural conditions. Among them, there are landraces possessing high baking and taste qualities. The traits are genetically determined that makes it possible to use the traditional landraces as donors of high-quality genes in the selection process. The highest weights of 1000 seeds and gluten contents have been found in Kzyl-bugday 2-6Т, Kzyl-bugday 3-7Т, Kzyl-bugday 9-4Т, Kzyl-bugday 11-4Т, Ak-bugday 16-5Т, Surkhak 15-6Т and 14-3Т (unnamed) samples.
